tions of study, the degradation characteristics of plant RuBP carboxylase, as those of glycolate oxidase, are Determining the degradation characteristics of species specific, in a way suggesting that they do not proteins is difficult due to the lack of appropriate depend on the type of photosynthetic metabolism of methodologies, particularly in the case of leaf proteins.
Introduction
and glycolate oxidase (EC 1.1.3.1) in the second leaves of intact C 3 (Triticum aestivum L.) and C 4 (Zea mays L.
Most proteins are in a continuous state of turnover. One and Sorghum bicolor L.) plants was measured. The important physiological function attributed to this process methodology utilized involved an efficient procedure is to increase the organism's ability to adapt readily to to label the leaf proteins, the use of a double-labelling changes in its environment. Thus, the more rapidly an method to measure protein degradation and a singleenzyme is degraded, the faster its intracellular concentrastep purification of the labelled proteins under study.
tion can change in response to environmental conditions RuBP carboxylase is subjected to continuous degradaor to hormonal stimuli (Goldberg and Dice, 1974) . In tion in all plants investigated. Its rate of degradation the particular case of ribulose bisphosphate carboxylase is higher for Z. mays, intermediate for T. aestivum and (RuBP carboxylase, EC 4.1.1.39), its turnover also lower for S. bicolor. When the rate of RuBP carboxylase assumes economical significance, particularly when the degradation was compared with that of the total rates of synthesis and degradation are considerably soluble protein a differential pattern was obtained for different, i.e. when large variations in its concentration the plant species examined: whereas maize presents are observed, due to the extremely high abundance of a faster rate of RuBP carboxylase degradation than of this enzyme in many plant tissues. the total soluble protein, wheat and sorghum show RuBP carboxylase catalyses the initial reactions of the similar rates. However, the rate of RuBP carboxylase photosynthetic and photorespiratory pathways and comproteolysis in the three plant species studied is much prises 25-60% of the soluble leaf protein in C 3 plants and lower than the rate of glycolate oxidase degradation.
8-23% in the case of C 4 plants ( Ku et al., 1979) . Glycolate oxidase is a key enzyme of photorespiration as it catalyses The results obtained indicate that, under the condi-the conversion of glycolate to glyoxylate in the peroxiprecipitation with specific antibodies in the cases of RuBP carboxylase and glycolate oxidase). somes ( Tolbert, 1981) . This enzyme is relatively abundant in photosynthetic tissues, comprising c. 1% of the total protein (Ferreira, 1987) .
Terms and definitions Accurate studies on the degradation of RuBP carboxylase and other plant proteins have been rendered
Arias and coauthors pointed out in 1969 that a certain difficult by two major technical constraints: (1) the confusion exists in the literature concerning the use of inefficient labelling of leaf proteins achieved for the great the terms turnover and degradation. Subsequently, Davies majority of plant species, except for aquatic plants, such (1980) reported several definitions of turnover that are often encountered in the literature, such as 'the process as Lemna minor, which normally take up radiolabelled of renewal of a given substance', 'the flux of amino acids amino acids and other compounds ( Ferreira and Davies, through protein', 'the hydrolysis of intracellular proteins 1987); (2) the occurrence of amino acid recycling, which to their component amino acids'. Interestingly, a private complicates the use of single labelling techniques to pool indicated that, to most biochemists, the term turnmeasure protein degradation (Davies and Humphrey, over implied the degradative process more than the syn-1978; Davies, 1982) . As a result, many studies on protein thetic process, regardless of which is the larger. Therefore, degradation have been performed using detached sections protein turnover is often used to denote protein degraof plant organs, a condition that must be regarded dation, particularly in studies concerning plants and exclusively as a first approach to the study of a physiologibacteria. In this paper, 'turnover' is used to denote the cal plant process.
continuous and simultaneous occurrence of protein synRuBP carboxylase degradation has been studied in thesis and degradation. In this context, degradation is different plants using distinct methodologies. However, defined as the hydrolysis of proteins with the correspondthe results published lead to different conclusions. Using ing release of their component amino acids. single-labelling techniques, Kleinkopf et al. (1970) , Peterson and Huffaker (1975) and Huffaker and Miller (1978) three booster injections (with 2 week intervals) were given using the protein solutions mixed with an equal volume of complete5-Extraction of total soluble protein incomplete (1510) Freund's adjuvant. Blood was taken from The crude and desalted extracts, prepared as described before the heart 9 d after the third booster injection. The IgGs from (Ferreira et al., 1996) , were used as the source of total the anti-RuBP carboxylase antiserum were purified by affinity soluble protein.
chromatography on the Protein G-Superose column of the FPLC (Ferreira et al., 1996) . The final IgG solution had an Purification of Lemna RuBP carboxylase absorbance of 2.632 at 280 nm, corresponding to a concentration of 2.1 mg IgG ml−1 (Harlow and Lane, 1988). All operations were carried out at 2°C except the FPLC L. minor was used as the source of purified RuBP carboxylase chromatographic runs which were performed at room and glycolate oxidase, even knowing that the polyclonal temperature.
antibodies obtained against the purified proteins would be utilized in the immunoprecipitation of the enzymes from wheat, Homogenization: Lemna fronds (5 g) were homogenized and the maize and sorghum. On one hand, L. minor is a higher plant, total soluble protein extracted and isolated as described above.
which means that a high degree of homology is expected between the enzymes from Lemna and those of the plants to be Anion exchange chromatography on DEAE-cellulose and on the studied (Pasternak and Glick, 1992) . It has been reported that Mono Q column of the FPLC: The desalted extract was loaded antibodies produced against RuBP carboxylase from one plant on a DEAE-cellulose column (5 ml bed volume) previously species interact with the enzyme from a wide range of other equilibrated with 20 mM TRIS-HCl buffer, pH 7.5 (buffer A).
plant species (Schmid and Grisebach, 1986) . On the other The column was washed with buffer A containing 0.05 M NaCl hand, being a C 3 plant, it contains higher levels of the two and the bound proteins eluted with buffer A containing 0.4 M enzymes than maize or sorghum (C 4 plants). In addition, the NaCl. The fraction containing the eluted proteins was desalted low levels of secondary metabolites reported for L. minor when on a PD-10 column equilibrated in buffer A and loaded on the compared with other species makes it an excellent plant system Mono Q column, previously equilibrated in the same buffer.
to use with a variety of expensive, high resolution chromatoThe bound proteins were eluted with a linear gradient of NaCl graphy columns such as those of the FPLC. (0-0.42 M NaCl in 28 ml ). The fractions containing RuBP carboxylase, eluted with approximately 0.3 M NaCl, were identified as described before (Ferreira and Davies, 1987) .
Immunoprecipitation of RuBP carboxylase and glycolate oxidase from wheat, maize and sorghum Hydrophobic interaction chromatography on the alkyl-Superose
The procedure utilized to immunoprecipitate RuBP carboxylase column of the FPLC: Partially purified RuBP carboxylase was was based on the methods used by Kleinkopf et al. (1970) and precipitated with ammonium sulphate (60% saturation), centri- Nishimura and Akazawa (1974) . The enzyme present in 100 ml fuged at 6500 g for 15 min, resuspended in 1 ml of buffer A desalted extract was mixed with an equal volume of the affinity containing 1 M ammonium sulphate and loaded on the alkylpurified IgG solution (3-fold diluted relative to the original Superose column, previously equilibrated with buffer A conantiserum) and specifically immunoprecipitated by incubation taining 2 M ammonium sulphate. The bound proteins were during 30 min at 25°C and then overnight at 4°C. The eluted with a gradient of ammonium sulphate (2-0 M ).
immunoprecipitin was collected by centrifugation at 10 000 g for 10 min at 4°C, washed twice with 0.5 ml 20 mM TRIS-HCl Gel filtration on the Superose 12 column of the FPLC: The buffer, pH 7.5, containing 137 mM NaCl and resuspended and fractions containing RuBP carboxylase were desalted and dissolved (2 h incubation at 37°C ) in 100 ml of SDS-PAGE concentrated in the Mono Q column with a step gradient of sample buffer. NaCl (0; 0.4 M ). The concentrated enzyme was finally loaded Glycolate oxidase was immunoprecipitated by the method on the Superose 12 column previously equilibrated in 100 mM described by Ferreira (1987) . The enzyme present in 750 ml TRIS-HCl buffer, pH 7.5. The central part of the A 280 peak, desalted extract was mixed with an equal volume of the containing highly purified RuBP carboxylase, as judged by appropriate antiserum, previously diluted 150-fold (Lemna) or SDS-PAGE, was used as the source of pure enzyme.
30-fold (wheat, maize and sorghum) with 20 mM TRIS-HCl buffer, pH 7.5, containing 137 mM NaCl, and specifically immunoprecipitated by incubation during 1 h at 4°C. The Quantification of pure RuBP carboxylase: The extinction coefficient of Lemna RuBP carboxylase was estimated as 1.54 for a immunoprecipitin was processed as described before for RuBP carboxylase. solution containing 1 mg pure enzyme per ml. This value is in good agreement with those reported for the enzyme from
The experiment illustrated in Fig. 1 shows the specificity of the immunoprecipitation, using the concentrations of antibodies tobacco (1.43) and spinach (1.64) (Paulsen and Lane, 1966; McCurry et al., 1982) .
previously selected, obtained when the anti-RuBP carboxylase 7.4 MBq of 3H or 35S, partially immersed for 5.5 h and then treated as described above. At day 10 the plants were once again transferred to fresh nutritive solution (350 ml ) containing 13.33 MBq of 3H or 35S, partially immersed for 5.5 h and grown hydroponically for another 18.5 h. Using this procedure the plants were given labelled amino acids during 5 days, i.e. between days 6 and 11 after the onset of germination. Indeed, the second leaf (used in the protein degradation experiments) of wheat, maize and sorghum plantlets while not yet growing actively before day 6, becomes almost fully expanded by day 11. On the other hand, covering the flasks containing the growth medium with black plastic film (to prevent the growth of algae), the absence of a carbon source in the growth medium and changing the growing medium every 48 h during the labelling period avoided any significant intervention of microbes in the culture solutions which could otherwise metabolize part of the added radiolabelled amino acids. Eleven days after the onset of germination, the 35S-labelled plants were carefully washed, divided into four groups (each containing 8 plants of wheat, 2 of maize or 16 of sorghum), transferred to unlabelled growth medium and chased for 0, 5, 10 or 15 d. The areas of the second leaf blades of each group of plants was measured immediately after the labelling period. The number of plants in each group was selected to give between 0.7 and 1.0 g fresh weight of second leaf blades. The plants labelled with 3H were harvested immediately after the labelling period, i.e. when they reached 11-d-old. The blades of the second leaves were collected, weighed, frozen in liquid nitrogen and stored at −80°C.
For each plant species, the crude extract prepared from the 3H-labelled blades was mixed with the four crude 35S-extracts in proportion to the relative blade areas (measured immediately after the labelling period) of each group of plants. This adjustment in the volumes of crude extracts is an essential step breakdown.
large and small subunits of RuBP carboxylase, respectively; GO: glycolate oxidase subunit.
SDS-PAGE and measurement of radioactivity in samples
IgG fraction and the antiglycolate oxidase antiserum were used Electrophoresis was performed in the presence of SDS in 12.5% to immunoprecipitate the corresponding enzymes present in (w/v) acrylamide slab gels as previously described (Ferreira desalted extracts of Lemna, wheat, maize, and sorghum. et al., 1996) . Radioactive samples were counted for 3H and 35S in a quench Double isotope labelling calibrated LS 3801 liquid scintillation counter (Beckman), using a single or a dual label program with automatic quench The relative rates of protein degradation were measured by a double-labelling method as described by Ferreira and Davies compensation. Ready Safe (Beckman) was used as the scintillation cocktail. Samples of crude (50 ml ) or desalted (100 ml ) (1987). Data on protein degradation were obtained by labelling one batch of plants with -[3H ]methionine, the other with -extracts were directly dissolved in 5 ml scintillation cocktail. The immunoprecipitated enzymes were dissolved in 100 ml of [35S ]methionine for the same periods of time, following the methodology outlined in Fig. 3 (treatment F ) . Six-day-old SDS-PAGE sample buffer and then in 5 ml scintillation cocktail. Preliminary experiments have shown that the presence of the plants were transferred to a fresh growth medium (130 ml ) containing 2.96 MBq of 3H or 35S. The plants were partially sample buffer components in the scintillation vials did not affect the efficiency of 3H and 35S counting. Background radiation immersed (i.e. only the lower half of the aerial part of each plant was immersed) for 5.5 h into the solution and then grown controls were included in all experiments and their values deducted from all radioactivity measurements. hydroponically as described above. At day 8 the plants were transferred to a new growth medium (130 ml ) containing
The results and conclusions reported in this paper rely on an Proteolysis in C 3 and C 4 plants 811 Table 1 show that leucine and in particular extract (#; crude extract) or in the leaf protein ($; desalted extract) measured by liquid scintillation counting. methionine are not only more effectively taken up by the roots but also more efficient in incorporating the label into leaf proteins. strategies were used, ranging from different periods of exposure to the radioactive label to partial immersion of In a second experiment, wheat plants were incubated in the presence of increasing amounts of 3H-methionine the plants into the radioactive solution, or a 24 h deprivation of nitrogen before addition of the tritiated amino (treatment A, Fig. 3 ). The plants were harvested and the amount of radioactivity present in the total leaf extract acid, or the use of an electric fan during the 24 h labelling period to stimulate the transpiration rate. In treatments or in the leaf proteins determined. The data illustrated in Fig. 2 indicates that the amount of label incorporated B, C, D, and F the plants were partially immersed (i.e. only the lower half of the aerial part of each plant was into leaf proteins varies, within reasonable limits, linearly with the amount of radioactivity supplied to the plants.
immersed) for periods of 5.5 h, with no apparent damage or decreased growth rate being observed. Prolonged In a final set of experiments, seven different treatments were selected to label the leaf proteins of hydroponically periods or full immersion resulted in visible damage to the plants. In all cases, the plants were harvested 11 d grown wheat plantlets with 3H-methionine. These treatments are schematically presented in Fig. 3 . A variety of after the onset of germination, and the amount of label protein breakdown in three distinct protein fractions: the total soluble protein, RuBP carboxylase and glycolate oxidase. The accuracy of the conclusions drawn from these experiments depends on the minimum levels of 3H present in the leaf crude extract, in the leaf protein and in the leaf RuBP carboxylase determined as described in and 35S present in each sample. The amount of radioactivity present in the protein fractions varied from 43-275 Bq the Materials and methods section. The results obtained ( Table 2) show that treatment F was the most effective in the case of the total soluble protein (100 ml of desalted extract), from 6-116 Bq in the case of RuBP carboxylase to label leaf proteins in general, and RuBP carboxylase in particular. A comparison between treatments A and B (immunoprecipitated from 100 ml desalted extract) and from 2.8-22 Bq in the case of glycolate oxidase (immuno-( Fig. 3; Table 2 ) shows that the 5.5 h partial immersion of the plants at the beginning of the labelling period was precipitated from 750 ml desalted extract). The results presented in Fig. 5 show the relative rates rather efficient in increasing the amount of label in leaf protein. In the particular case of RuBP carboxylase, this of degradation of the total soluble protein, RuBP carboxylase and glycolate oxidase measured in the second effect was enhanced when the plants were also deprived of nitrogen for 24 h before the beginning of the labelling leaves of intact wheat (C 3 ), maize (C 4 ) and sorghum (C 4 ) plants. For comparative purposes, data on Lemna minor period (treatment C ). Despite the positive effect caused on the leaf protein labelling by the 24 h nitrogen (C 3 ) total soluble protein and RuBP carboxylase degradation, obtained in this study as the 14C/3H ratio using deprivation (treatments C and D) and by the use of the electric fan (treatment G), these procedures were not leucine as the labelled precursor ( Ferreira and Davies, 1987) , are also included in this figure. The main features subsequently used because they induce, respectively, physiological and physical damage to the growing plants.
are: (i) glycolate oxidase presents a much faster rate of Proteolysis in C 3 and C 4 plants 813 carboxylase and glycolate oxidase from wheat, maize and sorghum. Double labelled total soluble protein, RuBP carboxylase and glycolate oxidase were isolated from the second leaves of wheat (C 3 ; $--), maize (C 4 ; +----) and sorghum (C 4 ; 6 ...... ) as described in Materials degradation than the total soluble protein or RuBP and methods. For comparative purposes, data on Lemna minor (C 3 ; #-. -. -) total soluble protein and RuBP carboxylase degradation, carboxylase in all plant species examined. When the obtained as the 14C/3H ratio using leucine as the labelled precursor different species are compared, this enzyme shows a faster (Ferreira and Davies, 1987) , is included. A high 3H/35S (or 14C/3H in rate of degradation in sorghum, intermediate in wheat the case of Lemna) ratio indicates a high rate of degradation. and slower in maize. (ii) RuBP carboxylase is subjected to continuous degradation in wheat, maize and sorghum, with a rate that approaches that observed for the total among the species investigated, being higher for wheat, intermediate for maize and Lemna and slower for soluble protein, except in maize where the enzyme is apparently degraded at a higher rate. This continuous sorghum. protein breakdown appears to be faster for maize, intermediate for wheat and slower for sorghum. These results
Discussion
constrast with those observed for Lemna and rice, where RuBP carboxylase appears to undergo no degradation Attempts to study the fate of individual proteins in plant cells, to measure their rates of degradation and the way while it is being synthesized (Mae et al., 1983; Ferreira and Davies, 1987) . Moreover, the decrease in the double they are affected by changes in the environment have been hindered by a number of factors such as the ineffiisotope ratio detected for the Lemna enzyme, apparently suggesting a negative degradation rate for this enzyme, cient labelling of the proteins under study with suitable isotopes, the occurrence of amino acid recycling and the can be explained by the incorporation into RuBP carboxylase of labelled amino acids released by the lack of availability of single-step protein purification procedures. degradation of other proteins, i.e. occurrence of amino acid recycling with reincorporation into RuBP carb-
In what concerns the labelling of leaf proteins, the use of aquatic plant species, such as Lemna minor, usually oxylase (Ferreira and Davies, 1987) . (iii) The total soluble protein is also subjected to different proteolytic rates overcomes this constraint, since these plants readily absorb amino acids and many other organic molecules ganic nitrogen into organic compounds (Rhodes et al., 1980) . In contrast, leucine is not readily metabolized and present in their growth medium (Datko and Mudd, 1985; Ferreira and Davies, 1987) . However, plants of great has a high rate of recycling in plant cells (c. 50%; Davies, 1982) . This amino acid has been successfully used in economic importance are terrestrial and even when grown under hydroponic conditions they fail to take up and to studying protein degradation in L. minor ( Ferreira and Davies, 1987) . Methionine is easily taken up by the roots incorporate, in significant quantities, the label present in the nutrient solution into their leaf proteins. The situation and translocated across plant cell membranes ( Kinraide, 1981; Datko and Mudd, 1985) . In double-isotope studies, is worsened if the labelled compound is not easily translocated within the plant. For these reasons, many authors methionine offers the additional advantage of allowing the use of 3H535S instead of 3H514C, which is of economhave used in vitro incubations of sections of detached organs such as roots (Soldal and Nissen, 1978) , coleopical significance and increases the specific radioactivity of the precursor. Initially, aspartate and glutamate were tiles ( Etherton and Rubinstein, 1978) and leaves (Peterson and Huffaker, 1975; Van Bel, 1986) .
excluded due to their inefficiency in labelling the leaf proteins ( Table 1) . Although wheat and maize RuBP Alternatively, Micallef and Shelp (1989) Using methionine as the labelled precursor, a methodology (treatment F, Fig. 3 ; Table 2 ) was developed that, studying its degradation by following the change in its concentration. Geerts et al. (1984) , for example, have relative to the control (treatment A, Fig. 3 ; Table 2 ), more than doubled the amount of label incorporated into studied the degradation characteristics of guinea pig catalase after blocking its synthesis by addition of 2-allylleaf protein and more than tripled the labelling of leaf RuBP carboxylase. This procedure involved supplying 2-isopropylacetamide, an inhibitor of haem synthesis. However, all these strategies cause alterations in the hydroponically grown, 6-d-old plants with the labelled amino acid for 5 d, with three, 5.5 h partial immersion physiology and biochemistry of the cells and may well change the turnover characteristics of many cellular properiods at days 6, 8 and 10 after the onset of germination. This procedure produced no visible damage or decrease teins. Therefore, they must be regarded solely as a first approach to study physiological processes in living in the growth rate of the plants.
Most or all studies on protein degradation rely heavily systems.
In this paper a methodology was developed to measure on a number of assumptions (Davies, 1982) , particularly those on proteins from plant tissues were physiological the relative rates of degradation of the total soluble protein, RuBP carboxylase and glycolate oxidase in the changes are occurring. The occurrence of amino acid recycling, for example, complicates the use of single label second leaves of intact C 3 (wheat) and C 4 (maize and sorghum) plants. This methodology involved an efficient techniques to measure protein degradation. Some data have been published on the rate of recycling of some procedure to label the leaf proteins, the use of a doublelabelling method to measure protein breakdown and the amino acids in plant cells (Davies and Humphrey, 1978) . However, no information is available concerning methsingle-step purification of the labelled proteins under study.
ionine recycling. As a result, it is not known whether, under the conditions of study, this sulphur-containing A considerable improvement in labelling leaf proteins from hydroponically grown, intact plants was achieved amino acid is subjected to a high or a low rate of recycling. In this work, a double-label method was by a careful selection of the radiolabelled precursor and of the conditions used during the labelling period. After selected to measure the rates of protein degradation; the values are presented as the direct ratio of isotopes rather checking that the amount of label incorporated into leaf proteins varies, within reasonable limits, linearly with the than as the rate constants of degradation or the halflives. This form of presentation overcomes the technical amount of radioactivity given to the plants (Fig. 2) , interest was focused on the choice of the precursor. Four constraints that arise from the occurrence of amino acid recycling but produces relative rather than absolute values different amino acids were selected which seemed promising candidates for the studies on protein degradation, of degradation originating an underestimation of the degradation rates (Davies, 1982 ; Ferreira and Davies, namely aspartate, glutamate, leucine, and methionine. Aspartate and glutamate show low rates of recycling but 1987). Moreover, this method probably leads to an additional underestimation of the relative rates of are metabolically very active (Davies, 1982) . The amides of these amino acids are major forms of translocation of degradation during the initial periods of time studied. This observation may arise from the fact that the control organic nitrogen in plants (Lea and Miflin, 1980) and glutamate constitutes the substrate for the entry of inorplants ( labelled with 3H in our experiments), killed Proteolysis in C 3 and C 4 plants 815
immediately after the labelling period, are not able to tion contrast with those of Peterson et al. (1973) and Huffaker and Miller (1978) , who reported that the enzyme incorporate isotope that is likely to be within their leaf cells. On the contrary, the plants chased after the labelling from barley does not degrade while it is being synthesized. These authors have utilized a single-labelling technique period ( labelled with 35S in our experiments) probably incorporate some of that label during this period-this and have used shorter experimental periods. Mae et al. (1983) and Makino et al. (1984) calculated the synthesis effect may explain some of the early data presented in Fig. 5 . On the other hand, it is known that in wheat and degradation of RuBP carboxylase in rice leaves from the changes in 15N content. These authors did not detect leaves the cells near the base can be actively growing whilst the cells at the leaf tip are already adult (Boffey degradation of the enzyme in the young expanding leaves. The results of this study are in agreement with the work and Leech, 1982) . Therefore, the use of whole leaves to study protein breakdown assumes that the degradation on maize RuBP carboxylase reported by Simpson (1978) and Simpson et al. (1981) , who used [3H ]acetic anhydride rates do not differ from the base to the tip of the leavesthis may not be true due to the gradation in the age of and tritiated water to measure protein degradation. These authors have used the second leaves of maize plants and the leaf cells.
The proteins, present in the second leaves of wheat, have chosen experimental periods similar to those used here. maize and sorghum plants, double-labelled with 3H-and 35S-methionine, were extracted and isolated by single-step
The breakdown characteristics of glycolate oxidase do not follow those observed for RuBP carboxylase. Indeed, purification techniques before being counted for 3H and 35S. The purification techniques involved were, fastglycolate oxidase is degraded at a much faster rate than RuBP carboxylase or the total soluble protein in all plant desalting in the case of the total soluble protein, and immunoprecipitation with specific antibodies in the cases species examined ( Fig. 5) . Furthermore, the rate of degradation of the oxidase is fastest in sorghum and of RuBP carboxylase and glycolate oxidase. The successful use of antibodies in these studies depends on their slowest in maize, whereas the opposite occurs for RuBP carboxylase ( Fig. 5) . capacity specifically to precipitate the corresponding antigens. In this respect, the data illustrated in Fig. 1A shows In summary, the results indicate that, under the conditions of this study, the degradation characteristics a virtually complete immunoprecipitation of RuBP carboxylase under the conditions of study. A similarly of plant RuBP carboxylase, as those of glycolate oxidase, are species specific. Furthermore, considerable intercomplete immunoprecipitation was achieved for glycolate oxidase, as judged by the amount of enzyme activity species variation is observed for RuBP carboxylase degradation, even within the same type of photosynthetic remaining in soluble form after addition of the antibody and subsequent centrifugation (results not shown).
metabolism. However, no evidence was observed supporting the hypothesis that the turnover characteristics Nevertheless, total precipitation of the antigen comes at a secondary level of interest in the protein turnover of the enzyme are fundamentally different in C 3 and C 4 plants. studies presented in Fig. 5 , since the use of a double-label method does not depend on the amount of label, but on the ratio of the two isotopes.
